Introduction
The European pig genetic resources are essentially formed from breeds belonging to two ancient strains: the Celtic type in north-central Europe and the Mediterranean type in the south (Porter & Tebbit 1993) . Both types were represented in Spain by native breeds, but today only the Iberian pig is completely developed. Other autochthonous breeds are rare, endangered or extinct.
The Iberian pig is among Spain's most important livestock, bred mainly in traditional sustainable conditions and benefiting important ecosystems such as the Mediterranean paddock, which produces high quality derived products (loin, ham etc) with high inputs.
Classically, the Iberian pig breed was divided into several varieties within three main groups: black, red and spotted (AECERIBER 1993) . The Retinto Extremeñ o is the main red variety because of its population density and wide distribution. In the last 20 years, Silvela has been derived as a strain of this variety. Mamellado and Dorado are two ancient and rare unselected red varieties. Retinto Portugués is also a red variety, which originated in Portugal but was bred in Spain during the 20th century.
In the early 1900s, the black pig was Spain's most important native pig; however, after the 1960s, its breeding decreased because of its fat traits (Laguna 1998) . The typical representative of this black Iberian group is a hairless variety named Lampiñ o. The Entrepelado is considered a black hairy strain, although it exhibits a red colour at birth. The Breeder Association considers this variety to originate from the earlier crossbreeding of red and black representatives. The Torbiscal variety was produced in 1960 by crossing two Lampiñ o herds with a Retinto Portugués herd and another of Portuguese populations (Aparicio 1987) . The only spotted variety is Manchado de Jabugo, which was produced in the late 19th century as a result of crosses between black and red Iberian pigs with the influence of other European improved breeds such as Large White, Berkshire and Bentheim Black Pied (Mateos 1967) .
Interest in Iberian pigs is increasing and some information about the varieties is included in the international databanks of the Food and Agriculture Organization (FAO) (www.fao.org/dad-is, accessed March 2000) and the European Association of Animal Production (www.tiho-hannover.de/einricht/zucht/ eaap, accessed March 2000). In addition, a new sampling of the Lampiñ o, the Retinto Extremeñ o and the Manchado de Jabugo varieties has been included in the EU project 'Characterisation of genetic variation in the European pig to facilitate the maintenance and exploitation of biodiversity ' (www.ri.bbsrc.ac.uk/pigbiodiv, accessed March 2000) with the participation of the University of Cordoba as a subcontractor of INRA.
Microsatellites can be used to investigate the population structure, including the genetic relationships, among subpopulations (Forbes et al. 1995; Estoup et al. 1996) . The objective of this work is to determine the genetic structure of the Iberian pig, defining the relationships among its varieties in order to contribute to further comparative studies among pig breeds.
Materials and methods

Sample collection
Blood and hair samples were collected from 210 Iberian and 20 Duroc individuals (three herds). DNA was obtained following the Kawasaki (1990) protocols.
Microsatellite genotyping
The 25 pig microsatellites studied were selected from the 27 markers published by Denis Milan and Martien Groenen (FAO 1998; www.toulouse.inra.fr/lgc/pig/panel.htm, accessed March 2000) and are shown in Table 1 . Polymerase chain reaction (PCR) amplification was performed on a GeneAmp 9600 (Perkin Elmer, Norwalk, CT, USA). Twenty-three microsatellites were amplified in seven multiplexed reactions (M1 -7) and the remaining two markers in single PCR (Table 1) . PCR products were pooled in three tubes as follows: M1 + M2+ M3+ S0355; M4+ M5; and M6 +M7 + S0386. Electrophoresis and analysis was performed using an ABI 373 Stretch automatic sequencer (Applied Biosystems/Perkin Elmer, Foster City, CA, USA) and Genescan 672 v.2.0.2 software from the same manufacturer. Sizing of PCR products was accomplished both by the internal size standard and by the same two samples in each gel to correct small variations in allele size assignation among runs. Four international reference samples proposed 
Computations and statistics
Allele frequencies were determined by direct counting. Unbiased estimates of gene diversity within varieties (H S ), from all Iberian pig samples (H T ) (Nei 1973 ) and D A genetic distance (Nei 1983) were estimated using the DISPAN computer program (Ota 1993) . The exact test of Hardy -Weinberg proportion for multiple alleles (Guo & Thompson 1992) and F-statistics (Weir & Cockerham 1984) were calculated using the TFPGA computer program (Miller 1997) . D A was used to construct a neighbour-joining tree (Sneath & Sokal 1973) as recommended by Takezaki & Nei (1996) to obtain the best topology when using microsatellites as genetic markers. Bootstrap resampling (n = 1000) was performed to test the robustness of the dendrogram topology. A MICROSAT v.1·5b computer program (Minch 1998 ) was used to calculate pairwise distance values from inter-individual genetic distance, based on the proportion of alleles shared for two individuals averaged over loci (Bowcock et al. 1994) . These distance values were used to construct an UPGMA tree (Ruiz Linares 1999) using the NEIGHBOR module of the PHYLIP v.3·57c computer package (Felsenstein 1995) . In order to simplify the graphics, one to four individuals per herd were chosen at random, constituting a sample of 72 animals (Fig. 1) .
Results
Allele frequencies and heterozygosity
All loci were polymorphic and the number of alleles varied between four and 20 (Table 1) . Some markers -S0068, S0005, S0002 and SW632-clearly exhibited more alleles than was described by Rohrer et al. (1994) and Milan et al. (1996) . Allelic frequencies for most loci were variable among varieties and five markers (S0215, S0355, SW951, S0228 and S0026) showed one predominant common allele in all varieties. The average of the observed number of alleles and their respective standard errors (SEs) over each subpopulation (Table 2) was similar in all cases. Heterozygosity by direct count (H) for total varieties ranged from 0·0280 (S0355) to 0·7360 (SW936). The unbiased estimates of gene diversity for all varieties (H T ) are presented in Table 3 . Average unbiased genetic diversity within subpopulations (H S ) showed a small margin of variation amongst all varieties. These values are similar to those obtained in some mammalian studies based on microsatellites (Barker et al. 1997; Saitbekoba et al. 1999) and (Arranz et al. 1998; Peelman et al. 1998) .
Hardy-Weinberg equilibrium (HWE) and genetic variation
Nineteen loci deviated (PB0·05) from the HWE in the pooled samples with the exception of S0228, S0215, SW936, SW951, SW857 and IGF1. No locus appeared with significant deviations (P B0·05) in more than three subpopulations (Table 3) , showing some degree of genetic heterogeneity among Iberian pig varieties. The Retinto Extremeñ o, Entrepelado and Torbiscal showed six, four and three microsatellites deviated from equilibrium (P B0·05), respectively. The remaining varieties only deviated in one or two markers, except the Mamellado and the Manchado de Jabugo which were in equilibrium for all markers. The mean of u across all loci, considered as the proportion of genetic variation due to population subdivision, was 13% and had a 95% confidence interval of 11 -15%, based on a bootstrapping of 1000 replicates. The u values obtained were higher than those of European cattle breeds (MacHugh et al. 1998 ) based on microsatellites.
Genetic distances
Twenty Duroc individuals were included as an outgroup only for the genetic distances computations (Table 4) . The Duroc showed large distances from all other breeds, ranging from 0·28 from the Entrepelado to 0·40 from the Silvela, indicating a divergence of this breed from the Iberian pig group. The smallest genetic distance (0·07) obtained was between the Entrepelado (black coat colour) and the Retinto Extremeñ o (red coat colour), indicating a small divergence of these varieties. The phenogram obtained from the genetic distances is shown in a neighbourjoining tree including bootstrap percentages from 1000 replicated loci (Fig. 2) . Bootstrap values were considered low when the resampling occurrence was less than 74% (MoazamiGoudarzi et al. 1997) . Within this, the most robust feature of the topology separated the Duroc from the Iberian pig varieties (occurrence of 86%).
The UPGMA individual tree shows a variety clustering of Iberian pig with the exception of Retinto Extremeñ o and Entrepelado samples, which appear mixed in the same cluster. This cluster also includes Mamellado, Silvela and Dorado subclusters. Lampiñ o, Torbiscal, Man- Table 3 . Number of populations deviated from the Hardy-Weinberg equilibrium (HWE), heterozygosity by direct count (H), unbiased gene diversity (H T ) for all animals, F-statistics (q, F and f )
chado de Jabugo and Retinto Portugués samples were clustered into different groups.
Discussion
The results show that the Iberian pig breed exhibits a great level of genetic diversity at the microsatellite loci. Considerable variation in the distribution of allele frequencies between loci and among varieties was observed. Furthermore, the frequency distributions of each microsatellite-variety combination were significantly different, with some exceptions, as demonstrated by the exact test of the HWE. The u values obtained could be interpreted either as population subdivision owing to genetic drift (Lawson et al. 1989) or as the effect of a bottleneck through the reproductive isolation of rare populations (Takezaki & Nei 1996) . The results presented here confirm the separation of the Manchado de Jabugo from the black and red Iberian pig varieties studied. This is in concordance with the breed history proposed by Mateos (1967) , as its origin was the crossing of a local Iberian herd with some European pig breeds. The Entrepelado is usually considered to be a member of the black-coated Iberian group (Aparicio 1987 ), yet it demonstrated a short distance from the Retinto Extremeñ o, the classic red Iberian pig. The individual tree, constructed to contrast the right assignation individual-variety, showed not only that the animals were correctly classified but also supported the grouping of varieties around the traditional three Iberian types (red, black and spotted). Only the traditional assignation of Entrepelado as a black variety must be rejected because animals sampled in several herds of this variety and Retinto Extremeñ o were mixed in the same cluster. Bootstrap replicates of the neighbour-joining tree did not clearly establish the topology among the Iberian pig varieties. However, the Genetic structure of the Iberian pig breed individual tree is useful for assigning individuals to a variety, with the exception of Retinto Extremeñ o and Entrepelado, which seem to be of the same subpopulation. These results are in concordance with those obtained in morphological (Delgado et al. 1998) and productive (Barba 1999 ) trait studies of Iberian pig varieties, where both varieties appear closely related in discriminating and clustering analyses.
This structure must be maintained in breed genetics management in order to conserve the important diversity of the breed in relation to environmental adaptation and specific performance.
Rare populations, such as the Mamellado, Dorado, Retinto Portugués and Manchado de Jabugo, need to be evaluated on a case-by-case basis in order to avoid extinction.
The results of this survey of the genetic variation and structure in the Iberian pig group illustrate the potential for the microsatellite panel designed by the ISAG and FAO advisory group for biodiversity studies in pigs to reveal a clear differentiation among closely related populations.
